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@ Gradation printer. 



@ A gradation record printer in which an annount of 
energy applied to a thermal head (2) is controlled in 
response to a gradation level of an input image 
signal to print an image on a printing medium (3) 
with gradations. The printer comprises a gradation 
density detecting unit (12) for storing data of stan- 
dard density patterns with respect to address values 
corresponding to gradation levels and for outputting 
a coincidence signal when data supplied from an 
outside of the gradation density detecting unit (12) 
substantially coincides with the data of standard den- 
sity patterns, a gradation test print circuit (11) for 
applying data of different amounts of printing energy 
to the thermal head (2) sequentiaJly to make a gra- 
dation test print on the printing medium (3), a den- 
sity detecting sensor (13) for detecting densities of 
the gradation test print and for applying a detection 



output from the density detecting sensor (13) to the 
gradation density detecting unit (12) and a memory 
element (9) for storing the data of different amounts 
of energy with respect to address values corre- 
sponding to the gradation levels in response to the 
coincidence signal from the gradation density detect- 
ing unit (12). In practical printing, the input image 
signal Is applied to the memory element (9) and the 
data for the amounts of printing energy correspond- 
ing to gradation levels of the image signal is read 
out of the memory element (9) thereby to perform a 
printing operation. Accordingly, the printing operation 
can be performed with the printing energy suitable 
for the thermal characteristic of the given printing 
medium (3) and the resultant print is excellent in 
gradation characteristic. 
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GRADATION RECORD PRINTER 



BACKGROUND OF THE iNVENTION 

This invention relates to a gradation record 
printer in whicii, as in a heat-sensitive printer using 
heat-sensitive sheets, or in a sublimation type print- 
er using a sublinnation type ink sheet and an ink 
receiving sheet, the amount of energy applied to a 
thermal head is controlled to print an image on a 
printing medium with gradations, and more particu- 
larly to an improvement of the printer that grada- 
tions can be reproduced satisfactorily with printing 
media such as heat-sensitive sheets and ink sheets 
different in therrr^al characteristic. 

Fig. 6 is a block diagram showing the arrange- 
ment of a conventional gradation record printer 
disclosed, for instance, by Japanese Patent Unex- 
amined Publication No. Sho. 63-19273. Fig. 7 is a 
graphical representation indicating gradation num- 
bers with amounts of energy applied to the thermal 
head (sixty-four (64) gradations). Here, the grada- 
tion number is defined as a number indicating a 
gradation of an image signal. In Fig. 7, the grada- 
tion numbers of zero through sixty-three are used 
to express the sixty-four gradations. In general, 
printing media are heat-sensitive sheets, or ink 
sheets and printing sheets. Those sheets have their 
own thermal characteristics, depending on their 
kinds and manufacturers. 

In Fig. 6, reference numeral 1 designates a 
platen; 2, a thermal head; 3, a printing sheet; 4. a 
ROM (read-only memory) for storing feed (current 
application) time width data for setting the amounts 
of energy which are to be applied to the thermal 
head 2 with respect to gradation numbers; 5, a 
gradation counter for producing gradation numbers 
successively beginning with the gradation zero; 6, 
a feed pulse generating circuit for forming feed 
pulses in correspondence to feed time width data; 
7, a printing control circuit comprising a shift regis- 
ter 7a, and a group of latch circuits 7b; and 8. a 
comparator which compares the gradation number 
of an input image signal with the gradation number 
provided by the gradation counter 5, and applies 
the feed time width data of the ROM 4 to the feed 
pulse generating circuit 6 with the coincident gra- 
dation number as the address number (read ad- 
dress) of the ROM 4. In the gradation record printer 
thus organized, the feed time widths corresponding 
to the gradation numbers are stored as data in the 
addresses in the ROM 4 whose address numbers 
correspond to the gradation numbers in the relation 
between the feed time width and the gradation 
number as indicated by the curve C in Fig. 7. 

The operation of the gradation record printer 
thus constructed will be described. In the compara- 



tor 8. the gradation number of a picture element of 
an input image signal is compared with a gradation 
number provided by the gradation counter 5. so 
that, with the gradation number equal to the grada- 

5 tion number of the image signal as a read address, 
the feed time width data of the address is read out 
of the ROM 4 and is applied to the feed pulse 
generating circuit 6. The circuit 6 generates a feed 
pulse in correspondence to the feed time width 

10 data. The feed pulse is generated for every picture 
element and applied to the printing control circuit 
7, where the feed pulses are combined with the 
synchronizing signal provided through the com- 
parator 8 into a printing signal for one line. The 

IS printing signal thus formed is applied to the thermal 
head 2. to start a printing operation. 

In the conventional gradation record printer 
thus organized, the relationship between the grada- 
tion number and the feed time width (or the amount 

20 of energy to be applied) is, in general, established 
in accordance with the thermal characteristics of a 
printing sheet which is most frequentiy used. In this 
case, the relationship between them established is 
as indicated by the curve 0 in Fig. 7. 

25 In this connection, let us consider the case 

where a different printing sheet is used whose 
thermal characteristic is as indicated by the curve 
D in Rg. 7. If, in this case, the gradation number is 
n2. the teed time width is smaller by AE2 in the 

30 case of using a printer set in accordance with the 
curve C. That is, the amount of energy is insuffi- 
cient, and the resultant density is not acceptable. If 
the gradation number is ni , the feed time width is 
larger by AEi. That is, the resultant density is 

35 larger than the predetermined value. Hence, in the 
printing operation, the gradations reproduced are 
unsatisfactory. 

SUMMARY OF THE INVENTION 

40 

Accordingly, an object of this invention is to 
eliminate the above-described difficulty accompa- 
nying a conventional gradation record printer. More 
specitically, a first object of the invention is to 
45 provide a gradation record printer which can repro- 
duce gradations as required even if a printing sheet 
is used whose thermal characteristic is different 
from that of the printing sheet which is usually 
used. 

50 A second object of the invention is to provide a 

gradation record printer In which the gradation test 
printing is less affected by the contamination etc. 
of the printing medium, whereby the gradations are 
reproduced satisfactorily, 

A gradation record printer according to the 
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Invention in which an amount of energy applied to 
a thermal head is controlled in response to a gra- 
dation level of an image signal to print an image on 
a printing medium with gradations, comprises gra- 
dation density detecting means for storing data of 
standard density patterns with respect to address 
values corresponding to gradation levels, and for 
outputting a coincidence signal when data supplied 
from an outside of the gradation density detecting 
means substantially coincides with the data of stan- 
dard density patterns: a gradation test print circuit 
for applying data of different amounts of printing 
energy to the thermal head sequentially to make a 
gradation test print on the printing medium; density 
detecting sensor means for detecting densities of 
the gradation test print and for applying a detection 
output from the density detecting sensor means to 
the gradation density detecting means; and a first 
memory element for storing the data of different 
amounts of energy with respect to address values 
corresponding to the gradation levels, in response 
to the coincidence signal from the gradation den- 
sity detecting means. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a* block diagram showing the arrange- 
ment of a first example of the gradation record 
printer according to the invention. 

Fig. 2 is a graphical representation indicating 
the thermal characteristics of printing media. 

Fig. 3 is an explanatory diagram showing a 
standard test sheet. 

Fig. 4 is an explanatory diagram showing test 
print patterns obtained by gradation test printing. 

Fig. 5 is a perspective view showing a second 
example of the gradation record printer according 
to the invention. 

Rg. 6 is a block diagram showing the arrange- 
ment of a conventional gradation record printer. 

Fig. 7 is a graphical representation Indicating 
the thermal characteristics of printing media. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Preferred embodiments of this invention will be 
described with reference to the accompanying 
drawings. 

Fig. 1 is a block diagram showing the arrange- 
ment of a first example of the gradation record 
printer according to the invention. Fig. 2 is a 
graphical representation indicating the thermal 
characteristics of printing media. Fig. 3 is a dia- 
gram showing a standard test sheet. Fig. 4 is a 
diagram showing a test pattern formed by grada- 
tion test printing. Fig. 5 is a perspective view 
showing a second example of the gradation record 
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printer according to the invention. 

(n Fig. 1, reference numerals 1, 2 and 3 des- 
ignate the same elements as tiiose in Rg. 6; 9. a 
first memory element inclusing. for instance, a non- 

5 volatile RAM which receives a gradation signal 
through its address terminal AD and provides a 
signal corresponding to the level of the gradation 
signal at its input/output terminal I/O; 10. a thermal 
head control circuit for applying a predetermined 

70 amount of printing energy (or a predetermined 
number of pulses) to the thermal head 2 in accor- 
dance with the output signal of the first memory 
element 9; and 11. a gradation test print circuit. 
The gradation test print circuit 11 has stored 256 

75 different amounts of printing energy (or 256 dif- 
ferent numt)ers of pulses) from minimum to maxi- 
mum, and outputs them l:>eginning with the small- 
est which are applied to the thermal head control 
circuit 10 for a printing operation. Further in Fig. 1, 

20 reference numeral 13 designates a density detect* 
ing sensor for detecting the density of a test print 
pattern obtained by gradation test printing. Refer- 
ence numeral 12 designates gradation density de- 
tecting means which comprises: an AID (analog-to- 

25 digital) converter 14 for converting the output of the 
density detecting sensor 13; a second memory 
element 15 made up of a non-volatile RAM or the 
like for storing the output data of the A/D converter 
14 corresponding to sixty-four (64) different grada- 

30 tion densities; a signal level comparator 16 which 
compares the output of the second memory ele- 
ment 15 with the output of the A/D converter 14, 
and outputs a coincidence signal VC when the two 
outputs are equal to or closest to each otiier; and a 

35 gradation signal generator 17 which produces sixty- 
four (64) different gradation density signals cor- 
responding to gradation levels and applies them to 
the second memory element 15. Further, in Fig, 1. 
reference numerals 18, 19 and 20 designate 

40 switches for switching the gradation test printing 
and the actual printing over to each other. 

The operation of the gradation record printer 
thus constructed will iDe described. Rrst. a method 
will be described of storing the output data of the 

45 A/D converter 14 which correspond to sixty-four 
(64) different gradation densities in the second 
memory element 15 forming the gradation density 
detecting means 12. The armature of the switch 20 
is tripped to the terminal A. in advance. Instead of 

50 the printing sheet 3, a standard density test sheet 
31 is set in the gradation record printer. The stan- 
dard density test sheet 31 has sixty-four different 
standard density patterns Pi. through P^^, each 
having a length of L in the sheet conveying dlrec- 

55 tion. That is, the total length Is (L x 64). The length 
of L is set to be larger than the aperture of the 
density detecting sensor 13. The standard density 
test sheet 31 is conveyed by a platen 1. while the 
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standard densities of the patterns Pi through P64 
are detected by the density detecting sensor 13, 
and converted into digital signals by the A/D con- 
verter 14. 

On the other hand, the gradation signal gener- 
ator 17 produces gradation signals Vi through Ve* 
corresponding to gradation levels In synchroniza- 
tion with the conveyance of the standard density 
test sheet 31. which are applied to the address 
ternninal AD of the second memory element 15. As 
a result, the digital values of the gradation densities 
of the standard density patterns Pi through P64 are 
stored in the addresses Vi, through Ve* of the 
second memory element 15. Thus, the output data 
of the A/D converter 14, which correspond to the 
density values, respectively, have been stored in 
the second memory element. This operation is 
carried out during manufacture of the gradation 
record printer, or in the case when the printer 
changes in printing characteristic with age or by 
replacement of the thermal head for maintenance. 

Next, a method will be described of storing the 
amounts of energy (the numbers of pulses) to the 
thermal head 2 corresponding to the signal levels 
of the gradation numbers in the first memory ele- 
ment 9 with respect to a given printing medium. 
The armatures of the switches 18. 19 and 20 are 
tripped to the terminals B in advance, respectively. 

The gradation test print circuit 11 is operated 
to produce 256 different amounts of printing energy 
(different numbers of pulses) successively begin- 
ning with the smallest, while the given printing 
medium is conveyed by the platten 1 in synchro- 
nization with the operation of the print circuit 11 , so 
that print patterns as shown in Rg. 4 are printed on 
the printing medium. That is, 256 different density 
patterns Qi, through Qass, each being L in length 
similarly as in the case of the standard density test 
sheet shown in Fig. 3, are printed on the printing 
medium. The densities of the patterns thus printed 
are detected by the density detecting sensor 13, 
and converted into digital signals by the A/D con- 
verter 14. 

On the other hand, the gradation signal gener- 
ator 17 produces the gradation signal Vi, which is 
applied to the address terminal AD of the first 
memory element 9 and to the address terminal AD 
of the second memory element 1 5. As a result, the 
output signal corresponding to the gradation signal 
Vi is outputted through the input/output tenninai 
I/O of the second memory element 15. This output 
signal is compared with the output signal of the 
A/D converter 14 in the signal level comparator 16. 
This comparison is continued until the levels of the 
two signals coincide with each other with the den- 
sity patterns Qi through Q256 being detected by 
the density detecting sensor 13. When the levels of 
the two signals coincide with each other, the com- 



parator 16 outputs a coincidence signal VC. In this 
case, the amount of printing energy (the number of 
pulses) for the thermal head 2 can be readily 
calculated in view of the amount of conveyance of 

5 the printing medium. The amount of printing en- 
ergy thus calculated is stored in the address Vi of 
the first memory element 9. Upon completion of 
the storage, the gradation signal generator 17 pro- 
duces the next gradation signal V2. Similarly as in 

70 the above-described case, the amount of printing 
energy of the thermal head 2 corresponding to the 
gradation signal Va is detected and stored in the 
address V2 of the first memory element 9. In this 
manner, the amounts of printing energy corre- 

15 spending to the gradation signals Vi through Vs* 
are stored in the respective addresses. 

That is, for a given printing medium, the 
amounts of printing energy of the thermal head 2 
required for realizing the gradation densities can be 

20 stored in the first memory element 9. 

Fig. 2 shows printing media E and F different 
in printing characteristic. With respect to a grada- 
tion number n, in the case of the printing medium 
E. printing energy or energy level number mi is 

25 detected and stored in the first memory element 9; 
and in the case of the printing medium F, printing 
energy m2 is detected and stored in the first mem- 
ory element 9. 

In practical printing, the armatures of the 

30 switches 18 and 19 are tripped over to the termi- 
nals A. respectively. Then, the input image signal is 
applied to the address tenminal AD of the tirst 
memory element 9. and the data for the amounts 
of printing energy corresponding to gradation levels 

35 of the image signal is read through the input/output 
terminal I/O of the element 9. whereby to perform a 
printing operation. 

Hence, the printing operation can be performed 
with the printing energy suitable for the thermal 

40 characteristic of the given printing medium, and 
therefore the resultant print Is excellent in gradation 
characteristic. 

In the case where a plurality of kinds of printing 
media are used, the amounts of printing energy for 

45 those different printing media may be stored in the 
form of different tables in tiie first memory element 
9 in advance, so that the different tables are se- 
lected for the different printing media, respectively. 
In color printing, for yellow, cyan and magenta 

so ink sheets the amounts of printing energy most 
suitable therefor can be obtained in the same man- 
ner. However, it should be noted that it is neces- 
sary to use the standard density test sheet is used 
for each of the three colors, yellow, cyan and 

55 magenta thereby to store the outputs of the A/D 
converter 14 in the second memory element 15. 

Thus, in the gradation record printer of the 
invention, the gradation characteristic can be made 



4 



BNSDOCID <EP 045371 4A1J_> 



7 



EP0 453 714 A1 



8 



medium with gradations, said printer compris- 
ing: 

gradation density detecting means for stor- 
ing data of standard density patterns with re- 
5 spect to address values corresponding to gra-^ 

dation levels, and for outputting a coincidence 
signal when data supplied from an outside of 
said gradation density detecting means sub- 
stantially coincides with said data of standard 
10 density patterns; 

a gradation test print circuit for applying 
data of different amounts of printing energy to 
said thermal head sequentially to make a gra- 
dation test print on said printing medium: 
75 density detecting sensor means for detect- 

ing densities of said gradation test print and for 
applying a detection output from said density 
detecting sensor means to said gradation den- 
sity detecting means; and 
20 a first memory element for storing said 

data of different amounts of energy with re- 
spect to address values corresponding to said 
gradation levels, in response to said coinci- 
dence signal from said gradation density de- 
25 tecting means. 

2. The gradation record printer according to claim 
1, wherein said gradation density detecting 
means includes a second memory element for 

30 storing said data of standard density patterns 

and a signal level comparator for outputting 
said coincidence signal. 

3. The gradation record printer according to claim 
35 2, wherein said gradation density detecting 

means further includes a gradation signal gen- 
erator for outputting a signal which indicates 
said gradation levels. 



most suitable even when the characteristic of the 
printer is changed, for instance, by deterioration 
with age or by replacement of components for 
maintenance. 

Fig. 5 is a perspective view showing a second 
example of the gradation record printer. In Fig. 5, 
reference numerals 1, 2, 3, 13 and 14 designate 
the same elements as those in Rg. 1; 131, a 
second density detecting sensor which is located 
different from the first density detecting sensor 13, 
to detect the density of the same part of the test 
print together with the density detecting sensor 13 
simultaneously: and 21. selecting means, or a se- 
lecting circuit for selectively applying one of the 
outputs of the first and second sensors 13 and 131 
to the A/D converter 14. 

When, in the above-described first example of 
the printer, the test print sheet is partially contami- 
nated for instance, then density detecting sensor 
13 detects the density including the contamination, 
and accordingly the amount of printing energy for 
the thermal head 2 is determined according to this 
erroneous density including the contamination. As 
a result, in this case, the gradations reproduced are 
not satisfactory. 

On the other hand, the second example of the 
printer has two density detecting sensors 13 and 
131 which are located at different positions to de- 
tect the density of the same gradation part of the 
test print, i.e., the same pattern. When the detec- 
tion outputs of the two sensors 13 and 131 differ 
from each other more than a predetermined value, 
a value of amount printing energy close to that 
which has been stored in the first memory element 
9 immediately before the detection, is selected by 
the selecting circuit 21. Further, the switching op- 
eration of the selecting circuit 21 and the detecting 
operation for detecting that the detection outputs of 
the two sensors 13 and 131 differ from each other 
more than the predetermined vedue are carried out 40 
by a CPU (central processing unit) not shown. 
According to the invention, even when a printing 
medium different in thermal characteristic is used, 
the amounts of printing energy for standard den- 
sities are stored in the memory element through 4S 
gradation test printing, whereby the gradations can 
be reproduced satisfactorily. Further, the gradation 
record printer according to the invention is ex- 
cellent in gradation reproduction, being free from 
the effect of contamination or the like on the print- so 
ing medium. 

Ctaims 

1. A gradation record printer in which an amount ss 
of energy applied to a thermal head is con- 
trolled in response to a gradation level of an 
image signal to print an image on a printing 



4. The gradation record printer according to claim 
1. wherein said density detecting sensor 
means includes a plurality of density detecting 
sensors which are located at different positions 
from each other to detect a density of one and 
the same gradation part of said gradation test 
print, and one of detection outputs from said 
plurality of density detecting sensors is selec- 
tively applied to said gradation density detect- 
ing means. 
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